Abstract The safety and benefits of radio-guided localization (RGL) versus wire-guided localization (WGL) surgery in the treatment of non-palpable breast cancers have been confirmed through several meta-analyses. RGL has become the standard of care in several institutions, although overall uptake has been slow. In view of this evidence supporting RGL, we believe that the future discussion is not of RGL versus WGL, but rather of what form of RGL will constitute best practice of care going forward. We therefore discuss the case for radio-guided occult lesion localization versus radioactive seed localization in the treatment of non-palpable breast cancers, is it really a toss of a coin?
Non-palpable breast cancers constitute approximately onethird of all diagnosed breast cancers, [1] therefore creating a heavy burden upon health care systems. The current accepted standard of treatment for non-palpable breast cancers of wire-guided localization (WGL) has been increasingly challenged by radio-guided localization (RGL) techniques in the form of radio-guided occult lesion localization (ROLL) and radio-guided seed localization (RSL). In the four meta-analyses of RGL versus WGL, [2] [3] [4] [5] three have demonstrated the superiority of RGL [2, 4, 5] with the remaining study demonstrating shorter operating times but also greater volume excisions for RGL [3] . However, the clinical relevance of this greater volume of excision remains questionable [6] . The two largest cohort series [7] [8] [9] each composed of approximately 1,000 patients supports the excellent outcomes achievable with RGL. The economical assessment has also demonstrated no disadvantage for RGL [7, [9] [10] [11] . In view of the mounting evidence supporting RGL, the question no longer remains that of the previous decade in terms of deciding between RGL and WGL, but rather the clinically relevant issue has now progressed to deciding between ROLL and RSL in the treatment of non-palpable breast cancers.
Both techniques depend upon the presence of a skilled radiologist to perform either ultrasound or stereotactically guided localization, with the administration of between 0.2 and 0.5 mL of 99m Tc-radiolabelled albumin-based colloid for ROLL or a single 8 9 0.4 mm titanium seed radiolabelled with 125 I in RSL. Great variation exists in the radiation dose administered for ROLL, with the literature quoting anywhere between 5 and 123 MBq, [12, 13] whilst for RSL it is between 3.7 and 10.7 MBq [14, 15] . ROLL requires localization to be performed within 24 h of surgery due to the short 6 h half-life of 99m Tc-labelled colloid and RSL typically is performed 0-5 days prior to surgery [7, [14] [15] [16] [17] . In the primary systemic therapy (PST) setting RSL can be undertaken several months before surgery because the half-life of 125 I is 60 days [18] . This flexibility in the timing of seed insertion provides a clear advantage by reducing the pressure upon scheduling conflicts between the radiology department and operating theatres, and therefore resource management on the day of surgery [2] . However, since RSL requires the insertion of a device into the lesion, it is important to ensure that the indications of use include lesion localization.
No studies in the published literature have demonstrated a significant difference between the complications of ROLL and RSL compared to WGL, demonstrating that both techniques are extremely safe. Concern has been raised at the issue of migration and subsequent loss of inserted seeds, but clinically relevant seed migration is rare and has been reported in \1 % of RSL procedures [19] . In the eight published studies [7, [14] [15] [16] [17] [18] 20] on RSL, 2 studies [11, 17] have failed to demonstrate 100 % successful intraoperative localization for RSL, with failure rates of 2 % [11] and 7.9 %. [17] The largest published series of RSL with 978 patients recorded a 100 % successful localization rate [7] . However, this remains an important issue requiring the establishment of a defined protocol to allow the safe handling of the seeds from intake in the nuclear medicine department, through sterilization, implantation, excision and removal. Errors at any point along this chain can convert a controlled procedure to a potentially dangerous one and result in temporary closure of RSL programmes until resolved [11] . Twenty-nine studies have been published on ROLL [8, 12, 13, and nine of these studies [8, 12, 23-26, 39, 45, 46] failed to achieve a 100 % intraoperative localization rate, with failure rates being recorded between 0.4 % [8] and 4.5 %, [12] with the figure of 0.4 % being from the largest published series of ROLL with 959 patients [8] .
A potential benefit of RSL is that 125 I emits 27 keV gamma rays compared to 99 Tc which emits 140 keV. This means that by altering the sensitivity on the gamma probe it is possible to differentiate between radioactive emissions from the localized lesion and the sentinel lymph nodes irrespective of the site of the primary lesion, although the benefit of this has not been confirmed in RCTs. The range for successful identification of the sentinel lymph node for RSL is between 96.8 % [14] and 100 % [15, 16] , whereas, the same figure for ROLL is between 84.9 % [28] and 100 % [12, 22, 37] . This would suggest a trend towards favouring RSL for successful sentinel lymph node biopsy (SLNB) over ROLL. In a similar fashion, the administration of different radioisotopes for lesion localization and SLNB could allow for varied energy threshold settings on the probe to differentiate between radioactive emissions from the lesion itself or sentinel lymph nodes in ROLL. The possibility of using two radioisotopes such as 99m Tc and 111 I could potentially improve surgical outcomes although it has only been applied successfully in vitro [47] and in upper limb drainage studies [48] and not been clinically applied to ROLL.
Due to current financial constraints in world healthcare systems, it is very important to consider the economic impact of these two techniques. However, to date no detailed health economic assessment has been performed for RSL. The large cohort study by McGhan et al. [7] involving [1,000 patients demonstrated that the material costs for performing RSL were one-third of the cost for WGL (US 60 vs. US 170). This is largely due to the large series of patients undergoing RSL at the institution, which can consequently order seeds in large bulk reducing costs, but the additional time required for the nuclear medicine department to process, sterilize and package the seeds is not taken into account in this calculation. This would mean that in units performing smaller case numbers, the savings on material costs would not be as significant and costs between RSL and WGL would be similar [11] . Postma et al. [10] in their comprehensive cost-benefit analysis of their randomized controlled trial (RCT) of ROLL versus WGL [45] found that there was no economic difference between ROLL and WGL when considered overall in terms of costs associated with morbidity and re-operation rates. Interestingly, they found that ROLL cost €0 in terms of localization because it allowed radioisotope injection for SLNB to be performed concurrently with localization as opposed to WGL which required an additional procedure to localization. In this respect, ROLL is better than RSL, which also requires a separate radioisotope injection by the nuclear medicine department in order to perform SLNB.
The issue of a learning curve associated with ROLL and RSL has never been formally assessed within the published evidence. However, the largest two cohort series for RSL and ROLL, [7, 8] each comprising nearly 1,000 patients did not suggest the presence of a significant learning curve. This suggests that both techniques are intuitive and the necessary skills easily acquired. Most importantly, the resemblance of RSL and ROLL to the performance of SLNB which is a standard practice means that breast surgeons who have never performed either technique formally will still be familiar with the principles and possess the necessary skills to learn both techniques rapidly. Certainly studies comparing RSL and ROLL to WGL have suggested that surgeons favoured the radio-guided techniques over WGL in terms of ease of performance [17, 46] .
The only study in the literature to compare ROLL against RSL found no significant difference in clinical outcomes between the 2 techniques. The study by Donker et al. [49] consisted of 154 patients (RSL; n = 71, ROLL; n = 83) and compared the 2 techniques in the context of patients undergoing breast-conserving surgery after PST. Whilst there was no significant difference in clinical outcomes, there was a clear logistical benefit to 125 I seed localization. The 125 I seed was able to be introduced radiologically into the tumour before commencing PST and the patient did not require any further radiological intervention. This is in contrast to the ROLL group which required the insertion of a radiopaque marker before commencing PST and then another radiological procedure within 24 h of scheduled surgery to have the injection of radiolabelled nanocolloid. Although the economical implications of this were not explored in the study in view of no differences in morbidity between the two techniques being identified, a reduction in radiology suite attendance would inevitably lead to financial benefits favouring RSL. An issue not addressed for this study was the issue of SLNB. All patients underwent SLNB prior to commencing PST and therefore did not undergo repeat SLNB on completion of PST. This meant that at the time of breast-conserving surgery being performed, the administration of 99m Tc for SLNB was not necessary. In the case of the ROLL group, technically SLNB could have been performed after the intra-tumoral injection of 99m Tc for lesion localization, but in the case of RSL an additional procedure would have been necessary for 99m Tc injection. Therefore, the benefit of one less radiology attendance in RSL may only be confined to PST patients and not the more general treatment of the 35 % of patients [1] who present with nonpalpable breast cancers and require axillary staging in the form of SLNB at the time of breast-conserving surgery.
Level I evidence from meta-analyses exists to support the use of RGL in the treatment of non-palpable breast cancer [2] [3] [4] [5] . This evidence has accumulated over the last 15 years since the first publication of the ROLL technique [9] . The debate of RGL versus WGL is now a discussion, which should be best left in the past. The future discussion should consider which form of RGL is most beneficial and how can RGL be refined and improved further. It can be demonstrated from what has been presented from the published evidence that it is not possible to identify any differences in clinical outcomes including complications between ROLL and RSL to suggest the superiority of one over the other. Both techniques have proven to be competitively priced in comparison with WGL [7, 10, 11] and to have no significant learning curves for surgeons [7, 8, 17, 46] . The single area where a difference can be identified currently is in terms of the flexibility and timing of RSL over ROLL. RSL has a clear benefit in aiding scheduling of surgery due to the flexibility of time over which seed localization by the radiologist can occur [7, [14] [15] [16] [17] . By allowing this flexibility in timing as opposed to being confined to within 24 h of surgery as in ROLL it is possible to ensure greater inter-departmental efficiency and reduce delays, particularly with a timely start to the first operating case of the day. The study by Donker et al. [49] comparing ROLL and RSL in the PST setting suggested the benefit of one less radiology appointment for RSL, but this was in the context of isolated SLNB before definitive breast conservation surgery. This therefore does not take into account the necessity for an injection of 99m Tc before surgery in RSL for SLNB. In fact it may be the case, that ROLL with its single injection of 99m Tc for localization and SLNB proves more beneficial economically. Therefore, before assuming any benefits we need them formally assessed and this can only be achieved by running adequately powered RCTs comparing the two techniques. Despite these benefits, it must be remembered that no matter what benefits are demonstrated in any future RCTs of ROLL versus RSL, there will always be a limitation in uptake of RGL and that will be due to limited radioisotope accessibility. This has always been the case with SLNB and due to radioisotope dependence SLNB is only available to 60 % of patients in the developed world [50] and almost negligible uptake in the rest of the world [51] . With this in mind, the future may not lie in RGL itself, but rather techniques, which possess the advantages of RGL but without the disadvantages of radioisotopes. Such a possibility may lie in the use of superparamagnetic iron-oxide nanoparticles (SPIONs) which have been successfully applied to SLNB [52] . These SPIONs have similar particle sizes to nanocolloids used in ROLL and could potentially be used for a SLNB and concurrent localization procedure. If this was the case, then the final obstruction of RGL uptake would have been conquered and the benefits of the technique finally accessible to the largest possible demographic.
